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(57) [S**7] 

[11^3 C : 0 . 1 5~0 . 5%. Si : 0 . 0 0 5~ 
2%. Mn : 0. 4 — 2%. S : 0. 0 1—0. 1%. 

Al :0. 0005 — 0. 05%, Ti :0. 003 — 
0. 05%, N:0. 002 — 0. 02%, V:0. 2 
— 0. 7%?r#^rL, SJc.tcX{i#^(?)Cr {5*^(7)1 

ax{±2ffij.:Ji±^#WL/ciHtc, mm±m'^wfi 5 

0-900 "CiO^frTffiiiPEaiSig * Jfi L , J^SI $ -tir^Ss 
3{)ii^TL/cm«0#WI«tf0 9 0%l^Jl±;&i7a:7^ 

hffl^T-S)I.J:atCt, ^nt:§^>t:2 0 0-7 
0 0°CtOjflST-l^5i)Ma&fT ^ i h *#fS^: ^l>m;^?fi 



(2) 

1 

C : 0 . 1 5 — 0 . 5 0% 

S i : 0. 0 0 5 — 2. 0 0% 

Mn : 0. 40 — 2. 00% 

S : 0. 0 1 — 0. 1 0% 

A 1 : 0. 000 5 — 0. 0 50% 

T i : 0. 0 0 3 — 0. 0 5 0% 

N : 0. 0020 — 0. 0200% 

V : 0. 2 0—0. 7 0%$-&*L 10 

A c 3 <^M±<7)iSLm^Zlim L T . ^3ttt±(f?aJK A-i' 7 5 

0-9 0 o'cco^i^'cm.mmmM^mL. ^si^-^^m 

—"74 hmmx-h hi. oizL. ^ixiz^ A>tc 2 0 0 — 7 

Cr : 0. 02— 1. 5 0% 20 
Mo : 0. 02—1 . 00% 

Nb:0. 00 1—0. 2 0%^-^W-r.Sil^fflV^^i 

[|f^Tl4 ] mc^mjfti-^ ^ I^Z 30 
Pb : 0. 0 5 — 0. 30% 
Ca : 0. 000 5 — 0. 0 10% 

[0001] 

mm^mi^t^^mmMmmshcomMifm^zm^^ i> 
COT* K). ^^izMLKii. ^^(miz^mmmmmiz 4o 

m^mmi:m't^ t izx-^x . mxtzdim^m. mm 

i>zm^^i^(^x'h^. 

[00 02] 

[00 03] zfi^c7)immmi±±iz-m\-^^mw ($> 
i,(,^(i5gg) tm^i:^^i>zt^±mi,zmm^jhfi 50 



5 7824 

2 

Tg^y^C, 'eCT'Mx.{i:|flBBa62-2 0 5 24 5-f-i;jfg 
^: i: t:^ tL-l. J: a , mHi^iti^itmmTtmTh h V 

mk^m'&c^imwmcr>mmu^u^(^mm tig lt . 
[0004] mmms'uxumivrzmmm'^^s^^mxh^ . 

>! h t J; o T-tMiJffii:ffiS(c*Ml: L ?I5I5SIS;^)^ 12 0k 

mmw^ \^±.^^^wmmmcommmj]m^rifz . 

[0005] ;tL(.:{i-^^5fiJSt ?l?I?S«cOj:t^^cl?*> 
^¥4 - 1 7 6 8 4 2-^i^f6^i:lcl,^>fl,^ J; ^ 

m^j:t't)mm$fixnfz, 

[00 06] Lt^L. Z<^Xo^j:m^^til,zi,t^ii^h^ 

-r\ wAittiii-v^ifv^o. 5 5mmTh^. mnmi^m 
mm^z L>^?-ES»§tL^v\ ^fzzcomio^mmmTim 

^zhmf^x-^^^^^-ofz. 

[0007] 

i^izmm^. mtimmiz^-thwmmmm^^mmm 

[0008] 

mmtrmm-t^fzibco^m: *siHH«^>{±*-r^N-5 

»K*>»Tm< i i: ^M.^-^fzLfz. Lij-L-m 

[0009] ^zxmmtmitiX^K^^h.'^-^-^ h 
Wti^mmm^zMLxmmt. mMti^iv^mmn< -t 

Lfzmm^t ®T i NtJitXMnS-V (CN) 

mfflftf-l. . ®IS3t{±±tfSK^i'7 5 0-9 0 O^CO* 

^mi^ s A> icstffl-fct-'S , <3)^wmmx'±mcoM n s 

- V ( C N ) «-^tFfaj!f%^S%*tf ^ b ^: L T?)--X^ 



(3) 

3 

ixT v-i S ; ^: ^ ^i^i L>^c , 

[0010] iimm^^\i^<^kot£'^^\,zm^\-^x . 
^mmm(nm^'^\^^t^\iz^(mf\^mm^-^ lo 
[0011] 'tts:i>^^-^9m<rym\mm±. mmt\,z\^ 

TC:0. 15—0. 50%. Si:0. 00 5~2. 
0 0%. Mn : 0. 4 0 — 2. 00%. S:0. 01 — 
0. 10%. Al :0. 0005 — 0. 050%. T 
i:0. 003 — 0. 050%. N:0. 0020 — 
0 . 0 2 0 0%. V : 0 . 2 0-0 . 7 0%*^*L?S 

mtv &ts:iymz-:^-mmmti-^i-^t£hmk<7m^. ac 

3 ^iiliO^SJKi^jD* t X . ^jitt±(f?aS^^ 7 5 0- 

goo^cio^f^T-MPegssit^Mt. ^^^^^^m-W^^ 20 

T t/^mcO^Mffl^cT) 9 0 %m±tf^y X 9 b +^1-7 
bffl*iT*-g> i dtcL. <ItLtC$^.(C2 0 0 — 7 0 0 

^^Otli|S^07^^^l6^ 1 %BjtoflliS;^)-t$ r : 0 . 0 

2—1.5 0%. Mo : 0. 02—1. 0 0%. O Iffi 

i^tz\i2m^^^^^fzh<^^xh 0 . m3^mmmm. 

Nb:0. 001—0. 2 0%i-^^^'^tzij<nX-h 30 

BJcOiiJj!SijH:i§^>tCPb : 0. 0 5 — 0. 3 0%. C 
a:0. 0 00 5 — 0. 0 1 0%COF^O 1 a4;^i± 2« 

i^-^^^fzhcnx'hh . 
[0012] mz-^9t^mm»mmmM<Dm&-i5mz 

^hm^^m^m^^z-:>^^x&rf<<zmm^^ . 
[0 0 13] c : y^yA h+^>-^-< vmmmimm 
t. t.fzm^^m^\,zY t(r>mmhh\>^^mmtm^ 40 

mM^^t(^f<z-mm^x7mxh o . 0 . 15 %*is-c{i; 

^toSSm^vhS < . jSt 0 . 5 0 %®iiT1i5lS 

^ 0 . fgtt . »it * tor 0 . 15- 

0. ^OXh-t^. 

[0014] Si : mW.i'ii.t^'<--i -^-f T-<7)Wtii^Pi. 
0 0 5%*ilT{±-e<7)S6S{i:/hS<. 2. 0 0%®^^^ 
t'O. 0 0 5 — 2. 0 0%i:-r.|><. 50 
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[ 0 0 1 5 ] Mn : vs-^-^ hSL^mMh^m&B.CO\& 
T t i: i: i M n S h ^: ^ i i: J: 0 7 X 7 

0. AO%M^X'\i±^<^mW=-t}M^^<. 2. OO%0jii 

'ffli>WY'th<^X'0 . 4 0 — 2. 0 0%i:^l.<. 
[0016] S : Mn S t^rSi ttCj; D^x^-f bCO 

\o\±.^'^^7mx\ 0. 0 1 %*?i-C{i^o®rS*«/h$ 
<. 0. 1 0%*ijiiiT{i. Mtt. WAJt*^f£T-f-§0-C 

0 . 0 1 — 0. 1 o%t-r-&. 

[ 0 0 1 7 ] A 1 : mm%^'kij^7tmx\ o . o o o 

5%*pT{i^tO^S3&i/jNS<. 0. O5O%0jlTii: 

T-T-SOT-O. 0 00 5 — 0. 0 5 0%i:~t-i>o 
[0 0 1 8] T i : MnS±.\,zmimt^J:-yXm\i^Ly 

X\ 0. 0 0 3%*}ST1i^OS)j:^*M^$< . 0. 0 5 

it. •WiiJtt^OU-ftl.^jffiT-r'I.^OT'O. 0 0 3 — 0. 0 
50%i;-r^, 

[0019] N : T i $5i.xfv tmmhh\mma.\t 

^^"km^-f ^jmx\ 0. 0 0 2 0%*pTii:^cOJi)^ 
>?)vjN§ < . 0 . 0 2 0 0 %@ii|-C-{i®)'lt. HAJrb. mW\ 
tt<?)V'>-r#it<£T-f-'&CO'r'. 0. 0 02 0 — 0. 0 20 

o%^:^^^\ nT^^x-imj<3.immm. vby.y 

^^5S'fb^tOM»S;6i±#<. 0. 00 7 0%i;ilT5&^'M 
[0020] V : Mn Sisit/fT i Ni:ffi-^#£i5*!9Srff^ 

I.SS^:7U*-C'. 0. 2 0%*}||-C-{i^^O^Sj&vjN§ 

<. 0. 7 o%imTiim^. WAJrb. -ro^'Jiiioit^i^ 
fmiov^-rfLiffiT-r-^cor. o. 20—0. 7o%i: 

[0021 ] m±ti^:^mm 1 mmc^mco^ii^m^co^m 
m^xh^. 

[0022] mz^mm2^miz^\-^xu. y^y^ h 
+y ^ hmmmcommcofzibm 1 wMmcommmz 

[0023] C r : M n i; {liJISJiSt. ^n-^-^ bicO 
tM3ni:^II?aSiOffiT&i>^c^>f7C«T-. 0. 0 2%* 
}1fC{i^c7)5Ja*>'WN$ < . 1. 5 0%®i§T-(i'<-<-?--f 

6COX0. 0 2 — 1. 5 0%t-ri>o 
[0024]Mo:Mn, Cr^: immmiOi^^^ 
TCfg-C. 0. 0 2%*}1fr-{i:-e<?3»!>a*vh§<, l. O 
0 %®!iT{i:'<-f ^'-f b;(?^fl*LTl^m. itAib. m 
nm<^\^irixi,ikT^h<DXO. 02 — 1. 0 0%i;^ 




[0025] ^mmsmnt^zis^^xit. m&mwmi\:<^ 

fzib. mi mnt tzi^m 2 ^mmcomf&^iz s ^> n b 

Sr^*§-^l.„ NbcORSSHIitiiXiOilOT*.!., 
[0 0 2 6] Nb : T i iiXt/V timmmcO^^^h 
OTC^-C, 0. 0 0 1 %*jS'C{i^cO^«>?)«/hS < . 

TT&COT. 0. 0 0 1 — 0. 20%t-t^. 
[0027] *ffi^4^BB:j3V^T«, Wnm(7)$ ht£ 

c^(n\m^fz\t2m^ti-M^^h. z.fi^(7:>\\.^m/rt 
[0 0 28] Pb : >mm.'kmj^\^^h7mx\ 0. 

0 5 %*illT'{i:-eoJW>&vjN$ < . 0 . 3 0 %m^x\i 

^(mm<mMLm'<!^.m^)icif^'th(^x. 0. 0 

5-0. 30%h^;-r«., 

[ 0 0 2 9 ] c a : Y'^ihmi.wmmi^'^^^im 

X\ 0 . 0 0 0 5 %M^X\,i^(7m%.ifiA^'^ < 0 . 0 1 

OT'O. 000 5 — 0. 010%ht-ri.o 
[0030] rtL/i>c7)^t^)S^S:^-ri.ii^ffi^P^^ig 

S -9 T . ^ CD Ja»ivS.g(i: A c 3 ,q&tI±iO}SS h 

z.mt^-T^'f-)'^ vmmm:Mx\tmm(mm 

[ 0 0 3 1 ] JXtc, *^BJ(c^3V^T. igiitt±tf^jS^ 
7 5 0~9 0 0'CtRB^Lf^ailc-oV*TKE^^„ t 

mmi±±immcormi 7 5 o°cui±t t/iofi, 

in? 5 0"C*}So?aKT-{ii8igM^*-i'^#t:ta:^L. 
±mi:9 0 0''Cl^J.TtLfzcOli. 9 0 0 'C^SO^fti 

[0032] mz:$:mmmcomizio\,^xmmmm^mi^ 
mLmm-jbmTLtzmco^mmmxh^tii. mmcD\^ 

[0 0 3 3] zco^o^yj^y-^ h+y'<-y^ b2ffiffl 
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^^m«^T-|g«^S i h is J; t/-v-^ ^ n f V 

[0034] «mt;tfo J; 0 ^ftm^mmmm-tim'¥ 

o°c^mx'itc<^mwiii^mmxm^t/^T-+'^b^^h , - 
10 7 0 0 °c ^mt ^htrnm Lfz^miibm±it L.3m 

. ^ i xm^mmcr)Mm:iM^i>i. 200-700 -ct-r 
ismmmit^coiSLmmmxhtumizmM-ttsm 

{i:^v»*\ L < 1 o^--2mmmmtT^n xh 

<7)X o ^jjmx%:^mm^mim^ zt:b^x'^ ^ . 
[0035] jiiTt. ^^mmcomM^mmmtz^ 0 , s 

^izmm^iz^-t. 

[0036] 

^#ftfcNo. ii:^^m^mm-hmmmxhK> . ^ti 

m^mhmmxhh. 
[0037] a . mwt^siz-^-comm 
m 1 t^^^b^jSc^i-toii^ ftMiisr(3TiW» L . 1 5 0 

5 0°CjP#!imJ^t»L7^^f^:. 1 0 5 0°CtJnl^LTtt 

Xftiass 5 o°co^ffT-iisftpESieit^^fOK -fiomm 

S ^l^z^a-mm^A 0 0'Ccr>iSM(^)Mmmz 1 
BtP^^ALTWf^Mfi^^f'5/::^ i«OW^4<04i*SBJ; 0 
30 J I S4-^f J I S 3^««ii;V. J I S 

i^izmmA^Kimmmir^mmL. sKH9igiom 
comm^mi^zx^mmmnmhtz. ^r^. mmm.^ 

{i5 0m/mi n. iiOMJKJiO. 3 5mm/rev. 
WS3 L/m i nO^m^t Lfz. t JtB#S?I®atfrO« 

40 JtALT2 0 Ofg-rli^Lfc« 
[00 38] 
[^1] 
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7 8 



No. 




C 


S i 


Mn 


S 


A 1 


T i 


N 


Cr 


Mo 


Nb 


Pb 




V 


(1) 


mi mm 


0,19 


0.813 


1.62 


0.072 


0.0410 


O.D09 


O.O0G2 












0.44 


(2) 


u 


0,26 


0.031 


t.71 


0.051 


0.0256 


con 


0.0031 












0.39 


(3) 


u 


0.28 


1.221 


1,35 


Q.046 


0.0294 


C.043 


0,OD89 












0.34 


(4) 


H 


D.35 


0.242 


1,31 


D.039 


0, 0161 


C.G22 


0.0124 












0.41 


(5) 


U 


0.46 


0.751 


0,55 


Q.087 


0, 0232 


0,015 


0,0181 












Q.24 


(6) 




C.32 


0,907 


O.Sl 


D.044 


O.037b 


0.026 


0.0112 


0.50 










0.29 


(T) 


u 


C.22 


1.132 


0.98 


D.D59 


0. 031& 


0-013 


0,0131 




D.28 








0.49 


(5) 


u 


0.27 


0.605 


1.22 


D.DS3 


0. 0284 


0,017 


0,0147 


0.44 


0.16 








0,44 


(9) 




0,44 


0,824 


0,43 


0,040 


0, 0249 


0.007 


0.0153 






D.GZS 






0,21 


(10) 


u 


0.35 


1.011 


0.95 


0.D25 


0.0313 


D.Oll 


0.0048 




D.08 


0,121 






0.27 


(11) 


II 


C.26 


0.420 


1.02 


0.034 


D.C269 


0.023 


O.Q105 


0.3S 


0.10 


0.073 






0.2S 


(12) 




Q.35 


0.318 


0.72 


a. 016 


0-0322 


0.022 


0,0142 








0. 24 




0,39 


(13) 


1) 


0.32 


0.532 


0,84 


0.039 


0.OO09 


0.016 


0.0111 










0.O082 


0.38 


(14) 


1/ 


Q.25 


0.742 


L3D 


0.052 


a. 0016 


0.032 


0.0167 








0.05 


0.0021 


0.35 


(15) 


:/ 


Q.S4 


1.221 


0.61 


0.049 


0,0253 


0.015 


0. 0056 


L21 






0.13 




0. 36 


(.6) 




0.43 


o.sie 


0.77 


0.037 


100^^2 


0.032 


0.0191 




0.13 




0.11 


0.0005 


D. 33 


(17) 


J/ 


0.29 


0.71S 


1.19 


0.028 


0.0331 


0,014 


C.O039 






D.019 


0.27 




0.29 


(16) 




Q.42 


0.92? 


0.65 


0.064 


3.0011 


0,044 


C.0139 


0. 26 




O.015 


0.07 


Q.0C34 


0.28 


(19) 




0.36 


0,531 


0.S7 


0.065 


3.003D 


0.018 


c.ooas 


0.2T 




0.008 


0. 14 


O.OCll 


0. 33 


20 


± e ff: 


0. D7 


0,48C 


1.12 


0.026 


10244 


0-D22 


C.0149 












0.3 


21 


,7 


0.54 


0,454 


0.92 


0,054 


Q.0313 


0,012 


0.0121 












0,37 


22 


;y 


0.39 


O.COo 


1.09 


D.046 


0.0351 


0. 021 


0.0119 












0. 33 


23 


'J 


0. 36 




0-76 


D.069 


0.D2I5 


0. DJ6 


o.o:o4 












0. 39 


24 


;/ 


0,£o 


0.316 


0.37 


0.O38 


C.02S1 


0.012 


O.O098 












0.31 


25 


;/ 


0.34 


C.5J7 


IM 


0,045 


G.0316 


0,015 


o,o:o8 












D. 32 


26 


/y 


0,23 


0.601 


Q.66 


9.003 


0.0244 


0. 019 


0.0132 












0.S4 
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c 


S i 


Mn 


S 


A 1 


T i 


N 


Cr 


Mo 


Nb 


Pb 


Ca 


V 


27 


tt E m 


0.29 


C.416 


M5 


0.105 


0.D335 


0.D2 


0.O129 












0.35 


28 


J/ 


0.29 


0.290 


0,70 


0.D38 




0. 024 


0.0097 












0,49 


2fl 


)) 


0.24 


0.472 


o.gB 


0.O30 


Q.05L4 


O.023 


0.0124 












OJl 


30 


u 


0.26 


0.524 


0.81 


0,024 


0.0239 


0. 0O2 


0.0132 












0.52 


31 


u 


0.28 


0.450 


0.63 


0.036 


0.038 


0.[)58 


0.016 












0.41 


32 


jy 


0.20 


0.456 


0.73 


0.O4O 


0.O3Z6 


O.024 


0.0018 












0.34 


33 


;/ 


0.27 


0.554 


LOS 


0.O27 


0,0333 


0.034 


0.0208 












0.5 


34 


>y 


0.36 


0.41S 


1.Q5 


0.O66 


0.Q387 


0,015 


0.0096 












0. la 


35 


J/ 


0.27 


0.445 


1.17 


0.O40 


0.0204 


o.on 


0.0137 












0.61 


36 


J/ 


0.34 


0.537 


1.05 


0.055 


0.0337 


0. ooa 


O.O094 


1.52 










0. 37 


j 1 


ff 




c\ Ann 


n CiA 
U. ^4 


U.Ubo 


n no 1 1 




U. U1&4 




1 . 03 








0. 49 


38 


/J 


0.21 


0.451 


0.76 


0.021 


Q.Q201 


0, 015 


0,0141 






0.221 






0.45 


39 


J/ 


0.31 


0.616 


0.7 


0.046 


0.0239 


Q.oog 


Q.D125 








0.35 




0. 32 


40 


>y 


0,26 


0.522 


0.S4 


0.045 


0.0356 


0.C22 


0.0151 










0.0109 


0.49 


41 


mm- 


0.45 


0.234 


0.7S 


0.027 


0.0282 




0. 3083 















[0040] ^2 tc#ffiiteWcOVN-5-< J;t/" 

[ 0 0 4 1 ] i^-r . \mmt Lxmffzmimm.mx'h 

SNo. 4 icOiSJAJtO. 4 8,-eM'Jttl. OOt^fL 
HAirbJi 0.56 &.±X-^ K) . t fcWnm t N o . 41 
it{4 0 . 7 SVXtX'h K) . 3lffli«iHT'S>S N o . 4 1 

[0042] imm(^N o. 2 o{±. ca.tfii&^^fc^3\ 

}ix^r. 5isfi^s«©<^i.*^\ :^mmmi>zit^^ik 

[0043] tiMmcON o . 2 2 S i R-^m^' -^fzibm 

mmm^{&<. mif.mt^^mmi>ztt^i&\.K imm<7) 

No. 2 3 {4 S i ^fzib'<~'< h L , * 

-r. i^i^jrb. sjtt, mMm^^mmi^zit^mKmnm 

[0044] it^M<^N o . 2 4 i4M n m.t)^&^ -^fzibM 



h L . 3|s%Bflcr) :7 j; ^ -Y h + y \°- ^ b fiH^tO 

^mm&x^i'. mMt. ®i±, mxtm^mimiz 

30 [0045] it^mcON o . 2 6 {4. SMi^m^-^fziibW. 

^WW'Jttt^aT*-S„ J:b!K^J«ONo. 2 7{±. SMti- 
^WJt^Jrb^TffiV^. 

[0046] JrbK^JcON o . 2 8{i:. A 1 MyS^i^-^l-*;^ 

*^0|?^Jt:J:b^TffiVn J:b««^Jc7)N o . 2 9 {4 A 1 ivO^ 

[0047] tmrncT) No. 3 0 (4T i -^tzmu 

^TfBcV\ Jrb^MONo. 3 1 {4. T imi}m^'^fziibm 

mifrmstmm^ti. sgtt, mxmt:^^mmi,zit^i& 

[0048] ibRi^Ji^JN o . 3 2 {i:N*^i'fgl'^7ti6^t-«' 
tfm!fijo$fai^^'ii'^^< . BAi:b5^^"*^Bli^JtcJ:b^-C-te 

V^o itSSM«ONo. 3 3i±, N»>6^Sl^/i46vhU ■y^' 
xtm^tL. ^14, WAJ:b{4*^aflPJtcJ:b^ffi<-l3]M'Jtt 

50 i>:^mt'&.|>. 



(7) 
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1 1 

[0049] im.m(0 No. 34 iivm.:^^& -^fzibM-^ 
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PURPOSE: To obtain a semi-hot forged non-heat 
treated steel material excellent in tensile 
strength, toughness, fatigue characteristic, and 
machinability by subjecting a steel, in which the 
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contents of C and V are regulated to specific 
proportions, to semi-hot forging and then to aging 
treatment . 

CONSTITUTION: A steel stock, which has a 
composition containing, by weight, 0.15-0.50% C, 
0.005-2.00% Si, 0.40-2.00% Mn, 0.01-0.10% S, 
0.0005-0.050% Al, 0.003-0.050% Ti, 0.0020-0.0200% 
N, and 0.20-0.70% V or further containing 0.02- 
1.50% Cr and/or 0.02-1.00% Mo, 0.001-0.20% Nb, or 
0.05-0.30% Pb and/or 0.0005-0.01% Ca, 
independently or in combination, is used. This 
steel stock is heated to a temp, not lower than 
the Ac3 point, semi-hot forged at 750-900°C 
finishing temp., and cooled. Machinability can be 
provided by forming a fine structure in which 

ferrite + pearlite comprises >90%, and further, 
ferrite is strengthened by V carbide by performing 
aging treatment at 200-700°C and fatigue 
characteristic, yield ratio, and toughness can be 
improved without deteriorating machinability. 
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